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The leakage of the fuel gases can results in the dispersion of fuel gases in air and it will 
lead to explosion. The physical properties of fuel gases (odorless and colorless) are often 
become a threat to the industries. This project aim to study the pattern of transient 
dispersion behavior mixture of fuel gases when mixed with air in 3D simulation. By 
understanding on the properties and the pattern of dispersion behavior can had an early 
detection and is easily to prevent major accident if there is any fuel gas leakage. Mitigation 
guidelines can be developed from this simulation to prevent any major accident in the 
industries. The binary mixture of the fuel gases such as methane, hydrogen, ethane, 
propane, butane, carbon monoxide and acetylene had taken into account in this project. 
The simulation is performed in 3D enclosed geometries of a cylinder. Various transient 
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The demand for energy in the world had increased drastically after the millennium 
year. Energy are consume everyday either in the industry or household daily usage. People 
usages energy to make their life more comfortable to live on such as charging their hand 
phones, generate air-conditional, driving cars. 
Energy can be produced by oil, gas, coal, nuclear power, solar power and fuel 
gases. Fuel gas is one of the source of producing energy. Natural gas, ethane, hydrogen, 
acetylene are the examples of fuel gases. Fuel gases are often used in the gas turbine, gas 
engine, pipeline transport, compressor station and etc. Fuel gases possess two physical 
properties is colorless and odorless. This had been seen as a biggest threat in the industry. 
Any fuel gas leakage in the pipeline could easily catch a fire and it will lead to explosion 
in the plant.  
With the help of Computational Fluid Dynamic (ANSYS Fluent), we can study 
the transient behavior of fuel gases when mixing with air by having the numerical 
simulation displays of the dispersion and the distribution of fuel gas. CFD tool can be used 
here as the accurate predictions of formation and decay of flammable zones are difficult 




1.1 Problem Statement 
Fuel gases such as acetylene, propane are widely used in the cutting, heating, 
hardening processes. In these industries, it involves very high temperature operation 
reaction. The two main physical properties of a fuel gases are colorless and odorless. If 
one of the pipeline had burst and it will lead to the leakage of the fuel gases. The 
accumulation of fuel gases in a close surrounding such in the factory will lead to fire when 
it contact with sparks and mixed in air.  
 
1.2 Objectives 
1. To develop and study the pattern of transient dispersion behavior mixture of fuel 
gases when mixed with air in 3D simulation. 
2. To develop and study the patterns demonstrated by the mixture of fuel gases mixing 
with air.  
 
1.3 Scope of Study 
The project will cover the study of flammability limits and transient dispersion of the 















TABLE 1.1 Binary Mixture of Fuel Gases 
 
With the 3D simulation of ANSYS Fluent 15.0, we could obtain the flammability 
limits and dispersion model of each binary mixture of the fuel gases. The geometry that 
will be used for the simulation: 
1. Initial 10% binary mixture of fuel gas at the bottom and 90% air at the top of the 
geometry in a closed geometry. 
2. Initial 10% binary mixture of fuel gas at the bottom and 90% air at the top of the 







  Hydrogen Methane Ethane Propane Butane  Acetylene 
Carbon 
Monoxide 
Hydrogen        
Methane        
Ethane        
Propane        
Butane         
Acetylene        
Carbon 
Monoxide 
       
Air 90% 
Binary mixture 
of fuel gases 
10% 







In this project, we are studying the behavior combination of various fuel gases 
when it mixed with air. It had a high hazard in performing fuel gases experiment, a 
numerical simulation is used to avoid it [2]. With the help of Computational Fluid 
Dynamics (CFD) software, it will help us to compute and predicts the pattern and the 
formation of flammable region that are difficult to be done with experiments and 
theoretical hand calculations [1]. It is easier to simulate using a CFD than to do it with 
experiments. The cost will be lower and there is no danger in performing the simulations. 
Studies had been carried out on studying the behavioral of fuel gases released in air e.g. 
hydrogen leakage from a fuel cell vehicle in an underground parking garage [3], 
underground gas pipeline explosion and fire [4], leakage in a nuclear containment model 
[5], leakage of natural gas from compressor stations [6], dispersion and behavior of 
hydrogen during a leak in a prismatic cavity [7], hydrogen diffusion cause by high 
pressured storage tanks failure [8]. 
In the present study, we investigated the dispersion of binary mixture of fuel gases 
for a model in a cylindrical shape with stationary, no slip and adiabatic wall boundary 
conditions are applied [9]. There are two objectives: (1) to develop and study the pattern 
of transient dispersion behavior mixture of fuel gases when mixed with air in 3D 
simulation and (2) to develop and study the patterns demonstrated by the mixture of fuel 
gases mixing with air. We performed a Computational Fluid Dynamics (CFD) by using 
ANSYS 15.0 (Fluent) to simulate transient mixing of fuel gases in air. According to 
Shravan K. Vudumu & Umit O. Koylu, they had perform the simulation in a simple 
cylindrical shape with a 1 meter height and 0.25 meter diameter was chosen (Figure 1.1) 
[9]. From Table 1, we perform a simulation by changing the combinations of the fuel gases. 
10% of the cylinder is filled with binary mixture of fuel gases at the bottom of the cylinder 
and 90% of the cylinder is filled with air. Computational fluid dynamics is a branch 
of fluid mechanics that uses numerical analysis and algorithms to solve and analyze 




required to simulate the interaction of liquids and gases with surfaces defined by boundary 
conditions. CFD uses numerical methods to solve the fundamental nonlinear differential 
equations that describe fluid flow (the Navier-Stokes and allied equations) for predefined 
geometries and boundary conditions. Engineers can evaluate the performance of a wide 
range of HVAC/IAQ system configurations on the computer without the time, expense, 
and disruption required to make actual changes onsite. 
- CFD predicts performance before modifying or installing systems.  
- CFD provides exact and detailed information about HVAC design parameters. 
- CFD Saves Cost and Time. 
- CFD is Reliable. 
Fuel gas is any one of a number of fuels that under ordinary conditions are gaseous. Many 
fuel gases are composed of hydrocarbons.  Such gases are sources of potential heat 
energy or light energy that can be readily transmitted and distributed through pipes from 
the point of origin directly to the place of consumption. List of fuel gas: 
- Acetylene 
- Associated petroleum gas 
- Butane 
- Compressed natural gas 
- Compressed hydrogen 
- Liquefied natural gas 
- Methane 










Flammability limit is the amount of combustible gas in an air mixture when the 
mixture is flammable. Lower flammability limit (LFL) is the minimum amount of fuel 
that may cause burn or explode upon mixing with air. If there is too little fuel, the air/fuel 
mixture is considered too “lean” and will not a burn. Upper flammability limit (UFL) is 
the maximum amount of fuel that cause a burn or explode. If there is too much fuel, the 
air/fuel mixture is considered too “rich” and will not burn.  
FIGURE 2.1 Graphic explanation of LEL and UEL 
TABLE 2.1  Properties of Fuel Gases 
 








Hydrogen H2 2.01 0.0899 4.0 75.0 
Methane CH4 16.04 0.66 5.0 15.0 
Acetylene C2H2 26.04 1.1 2.5 100 
Carbon 
monoxide 
CO 28.01 1.15 12.5 74.0 
Air - 28.97 1.225 - - 
Ethane C2H6 30.07 1.28 3.0 12.4 
Butane C4H10 58.12 2.48 1.8 8.4 







The Navier–Stokes momentum equation can be derived as a particular form of 
the Cauchy momentum equation. 
𝜕
𝜕𝑡
(𝜌𝑢) +  ∇ . (𝜌𝑢𝑢 + 𝑝𝐼) =  ∇ . 𝜏 + 𝜌𝑔      (1) 
𝜌 is the density, 
𝑢 is the flow velocity, 
∇ is the del operator. 
𝑝 is the pressure 
𝐼 is the identity matrix 
𝜏 is the deviatory stress tensor, which has order two, 
𝑔  represents body accelerations (per unit mass) acting on the continuum, for 
example gravity, inertial accelerations, electric field acceleration, and so on. 
The transient mixing during leakage in most of the journals are using a laminar 
flow analysis. Rayleigh numbers which indicates the type of buoyant flow cause by the 
change of temperature and Reynolds number were always low enough to be in the laminar 
region [9]. Variables such as the temperature surrounding, weather conditions and 
direction of the wind is made as assumption. Nature of hydrogen in air are very high in 
diffusion coefficient, a fine mesh size which at a 0.1 mm is used to construct the geometry 
model. A time step of 0.01 s are used and the simulation is performed at 50 iterations. 
Walls of the enclosed cylinder is set as stationary, no-slip and adiabatic wall [9]. In our 
research study, we are using at a higher iterations of 500 to simulate more time steps for 







FIGURE 2.2 Open Top Cylinder 
The contour above is simulated result for hydrogen mole fraction disperse into air 
region at a different time. The hydrogen diffuses into the air region at a very short amount 
of time. Buoyancy and molecular diffusion is the key of the hydrogen concentration 
distribution. As the hydrogen rapidly disperse into the region of air, the concentration of 
hydrogen decay from initial mole fraction of 1 into a smaller value. At a time = 5s, the 
hydrogen had reached to the top of the enclosed cylinder.  
 Knowledge of transient dispersion behavior for binary fuel gases are not yet been 
studied. The novelty of this project is to study the transient dispersion behavior for 
different binary mixtures. Limited studies are available on the transient dispersion 















3.1 Work Process Flow 
 












Computational Fluid Dynamics (CFD) had used in this project to develop and 
study the behavior of transient mixing binary mixture of fuel gases with air. In ANSYS 
15, the geometry model is been created and meshed. In this project, a simple geometry of 
0.25 meter diameter cylinder with 1 meter height. The binary mixture of fuel gases is put 
at rest at the bottom of the cylinder at t = 0s. The binary mixture of fuel gases is then 
mixed with the 90% of air in three different situation open top cylinder, partially open top 
cylinder and fully closed top cylinder. The geometry is then mesh and divided into my 
parts. After that, the boundary condition of the geometry is setup physics. Finally the 
software will compute itself and come out to the result in the form of graphs and displays. 
3.2 Preparation for simulation 
 3.2.1 Geometry Modeling 
 
FIGURE 3.2    Geometry Modeling 
The shape of the geometry had been decided and cylinder with 0.25m diameter and 1m 









FIGURE 3.3    Meshing 
 
FIGURE 3.4    Geometry Meshing 
In the meshing part, it will divide the geometry into smaller parts to calculate for more 









3.2.3 Setup physics 
 
FIGURE 3.5    Laminar Model Setup 
The time setup is set as transient and there is a gravitational acceleration of -9.81 m/s2. 
 
 
FIGURE 3.6    Models 
Navier Stokes-related equations which comprise of energy equation had been selected. 
Laminar flow was chosen on the viscous and the mixture material of the fuel gases is 









FIGURE 3.7    Materials mixture-template 
Inside the mixture-template, this is where we are choosing on the mixture of fuel gases. 
For this case, we are choosing on the binary mixture of propane and carbon monoxide. 
 
FIGURE 3.8    Solution initialization & Region Adaption 
In the figure above, oxygen and nitrogen is prompted inside the cylinder at an intial value 
of 0.21 oxygen and 0.79 nitrogen. This to illustrated the composition of air. Now the whole 
cylinder is filled with air. Region adaption is to assign the fuel gases at the bottom of the 





FIGURE 3.9    Patching 
After the region adaption had set, patching is done to assign the fuel gases inside the region 
that we had set. For this case, propane and carbon monoxide is patch inside the region at 
a mol fraction composition value of 0.5 and 0.5.  
 
FIGURE 3.10     Run Calculation 
After the setup has been done, time step size is use at 0.01s and 500 time steps in order to 






FIGURE 3.11     Initial Setup 
From the contours, we can display the mole fraction concentration of fuel gases inside the 
cylinder. For this case, the blue color area is the air area that we prompt 0.21 oxygen and 







FIGURE 3.12    Plane 
XZ plane was used to compare the changes of the mole fraction of the fuel gases. The 
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TABLE 3.2 Gantt chart for FYP 2 
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RESULT AND DISCUSSION 
 
An enclosed cylinder geometry with a diameter of 0.25m and 1m height containing of fuel 
gases and air is being simulated using the software ANSYS 15.0. At time = 0 s, the 
cylinder is filled with 10% of binary mixture of fuel gases and 90% of air. The fuel gases 
at the bottom of the cylinder is let to mix with the air at the top. Technically, fuel gases 
such as hydrogen, methane acetylene and carbon monoxide will disperse faster in air 
because of its density is lower than air. While fuel gases such as ethane, propane and 
butane will disperse slowly in air as its density is higher than air. Hydrogen is the least 
dense fuel gas while propane is the most dense fuel gases in this project.   
TABLE 4.1 Properties of Fuel gases 




Hydrogen H2 2.01 0.0899 
Methane CH4 16.04 0.66 
Acetylene C2H2 26.04 1.1 
Carbon monoxide CO 28.01 1.15 
Air - 28.97 1.225 
Ethane C2H6 30.07 1.28 
Butane C4H10 58.12 2.48 




The dispersion study had been taken out at a time step of 0.01s and 500 iteration 
had been carried out. After the simulation, the shortest time that the fuel gases reach the 
top of the cylinder will be taken compare with other fuel gases. These simulation had 
divided into three parts which is mixture of light gases only, mixture of heavy fuel gases 
only and mixture of heavy and light fuel gases. Mixture of light gases which consists of 
hydrogen, methane, acetylene, carbon monoxide; mixture of heavy fuel gases consists of 
ethane, butane and propane as shown in Table 5. 
4.1 Mixture of light fuel gases only  
It is observed that the mixture of light fuel gases disperse in the air more rapidly 
compare to heavy fuel gases. The light fuel gases started to disperse as soon as the 
simulation starts. It is due to the low density ratio between the air and fuel gases. Fuel 
gases such as hydrogen, methane, acetylene and carbon monoxide had a density lower 
than air. They disperse very fast into the air region and reached the top of the cylinder 
with a short amount of time. 
4.1.1 Mixture of Hydrogen & Methane 








In this simulation, the mixture of hydrogen and methane is the fastest fuel gases 
that reach the top at a time of 3.96s as in Figure 4.1. At time = 0.5 seconds, the mixture of 
hydrogen and methane already started to disperse through the air. At the time = 1.0 second, 
the mixture of hydrogen and methane had filled half of the cylinder. This is due to the 
buoyancy of the hydrogen and methane that are lighter than air. It tends to disperse into 
the air at faster rates. This combination of fuel gases is the fastest as the density of both 
mixture together is the lowest among of all. The dispersion of fuel gas will be fast as the 
buoyancy is lower. If the simulation is done by prompting the fuel gas at the top of the 
cylinder, the jet momentum is opposite direction of buoyancy force, with thus, the mixture 
of fuel gases will actually harder to diffuse into the region of the air in the bottom of the 
enclosed cylinder. [9] 
 






FIGURE 4.3 Distribution of methane mole fraction 
 Figure 4.2 and Figure 4.3 shows the distribution of hydrogen and methane mole 
fraction at the point of (0, 0.1, 0) in the mixture of hydrogen and methane. The distribution 
of hydrogen and methane had increases from 0s to 0.3s. This is due to the fast dispersion 
of fuel gases inside the cylinder. Then the mole fraction of fuel gases increase until the 
peak which we can see at time = 0.7s and it drop down as the fuel gases had disperse 













4.1.2 Mixture of Hydrogen & Acetylene 
FIGURE 4.4 Mole Fraction of Hydrogen & Acetylene 
Figure 4.4 shows the contour of mole fraction for hydrogen and acetylene. Likewise, it 
started to disperse into the air region at the time of 0.5 second. At the time of 4.5 seconds, 
the cylinder half filled with the fuel gases. This is also due to the buoyancy of hydrogen 
and acetylene is lesser than air. If the simulation had done to 10 seconds and above, the 
contour of the mixture of hydrogen and acetylene will disperse more and eventually will 
reached to the top of the cylinder. The mixture of hydrogen and acetylene will filled up 
all the cylinder. Comparing the contour for mixture of hydrogen and methane, it is slightly 
slower than hydrogen and methane as the density of hydrogen and acetylene is higher than 







FIGURE 4.5 Distribution of hydrogen mole fraction 
 
 







Figure 4.5 and Figure 4.6 shows the distribution of hydrogen and methane mole fraction 
at the point of (0, 0.1, 0) in the mixture of hydrogen and methane. The distribution of 
hydrogen and methane had increases from 0s to 0.3s. The distribution reached to the peak 
at time = 0.3 s. Then the distribution started to disperse into the air region even until it 
reach at a constant mole fraction at 3.5s. 
4.1.3 Mixture of Hydrogen & Carbon Monoxide 
 
FIGURE 4.7 Mole Fraction of Hydrogen & Carbon Monoxide 
Figure 4.7 shows the mole fraction of hydrogen and carbon monoxide. Both of the fuel 
gases are less dense than air. At a time = 1.0 second, the mixture of hydrogen and carbon 
monoxide started to disperse into the air region. Comparing at a time = 3.96 second, 
hydrogen and carbon monoxide only disperse until almost half of the cylinder. For contour 














FIGURE 4.8 Distribution of hydrogen mole fraction 
 







Figure 4.8 and Figure 4.9 shows the distribution of hydrogen and carbon monoxide mole 
fraction at the point of (0, 0.1, 0) in the mixture of hydrogen and carbon monoxide. The 
distribution of hydrogen and carbon monoxide had increases from 0s to 0.4s at a fast rate. 
The distribution reached to the peak at time = 0.4 s. Then it started to decrease in mole 
fraction. 
4.1.4 Mixture of Methane & Acetylene 
 
FIGURE 4.10 Mole Fraction of Methane & Acetylene 
Figure 4.10 shows the mole fraction of methane and acetylene. In this simulation, the 
mixture of methane and acetylene disperse slowly into air region. At the time of 2.0 second, 
it only started to disperse. At the end of the simulation which is at 5 second, it actually 







FIGURE 4.11 Distribution of methane mole fraction 
 
 







 Figure 4.11 and Figure 4.12 shows the distribution of mole fraction for methane 
and acetylene in mixture of methane and acetylene. The mole fraction of methane and 
acetylene increases from 0s and it reached to the peak at 0.7s. The peak mole fraction is 
shown as 0.34.  
4.1.5 Mixture of Methane & Carbon Monoxide 
 
FIGURE 4.13 Mole Fraction of Methane & Carbon Monoxide 
Figure 4.13 shows the mole fraction of methane and carbon monoxide. Comparing the 
contour with the mixture of methane and acetylene, both of the mixture started disperse at 
the time of 2.0 seconds. But for the mixture of methane and carbon monoxide, it disperses 
at a much slower rate. This can be seen from the density difference between the fuel gases. 
Density for mixture of methane and carbon monoxide is higher than the mixture of 
methane and acetylene. But if the simulation continues, the mixture would eventually 







FIGURE 4.14 Distribution of methane mole fraction 
 
 







4.2 Mixture of heavy fuel gases only 
It is observed that for the mixture of heavy fuel gases disperse in the air at a slower 
pace. The heavy fuel gases is let to disperse in air and it is not much of the difference 
comparing to the initial contour at t = 0s. This is caused by the higher density ratio between 
air and the fuel gases. Fuel gases such as ethane, propane and butane had a higher density 
compare to air. They did not reached to the top of the cylinder after the convergence.  
4.2.1 Mixture of Butane & Propane 
 
FIGURE 4.16 Mole Fraction of Butane & Propane 
The slowest dispersion can been seen from the combination of butane and propane 
as in Figure 4.15. The combination of butane and propane had the highest density among 
all the simulations. At time = 4.0 second, the mixture started to disperse. But at the end of 
the simulation, it only disperse a little into the region. If the simulation is done prompting 
the fuel gas at the top of the cylinder, the buoyancy force will actually help to diffuse into 











. FIGURE 4.17   Distribution of butane mole fraction 
 
 







 Figure 4.16 and Figure 4.17 shows the distribution of butane and propane mole 
fraction for mixture of butane and propane. It didn’t defer much from the initial value as 
the dispersion of butane and propane is very slow.  
4.2.2 Mixture of Ethane & Propane 
 
FIGURE 4.19 Mole Fraction of Ethane & Propane 
 Comparing the contour with the mixture of propane and butane, the combination 
of ethane and propane diffuse faster. This is due to the density for mixture butane and 
propane is higher than ethane and propane. At a time of 3.0 second, it started to disperse, 
but it disperse at a very slow rate. It will not reach the top even the simulation done it more 









FIGURE 4.20   Distribution of ethane mole fraction 
 
FIGURE 4.21   Distribution of propane mole fraction 
Figure 4.19 and Figure 4.20 shows the distribution of ethane and propane mole 
fraction for mixture of ethane and propane. The pattern of the graph is alike as the mixture 
of butane and propane. This is because the dispersion of ethane and propane in mixing 
with air is very slow. At the point of (0, 0.1, 0), the mole fraction of ethane and propane 




4.2.3 Mixture of Ethane & Butane 
 
FIGURE 4.22 Mole Fraction of Ethane & Butane 
 Comparing the contour for mixture of ethane and propane, the mixture of ethane 
and butane disperse faster into the air region. This is due to the density for mixture ethane 
and propane is higher than ethane and butane. At a time of 2.0 second, it started to disperse, 
but it disperse at a very slow rate.  
 







FIGURE 4.24   Distribution of ethane mole fraction 
 The distribution of the mole fraction for butane and ethane in mixture of butane 
and ethane shows similar pattern with the mixture for butane and propane. It does not 
differ much even the iteration of simulation had finished.  
 
4.3 Mixture of heavy & light fuel gas 
It is observed that for the mixture of heavy gas and light gas disperse in the air at 
a higher pace. Despite there is a heavy gas in the cylinder, the light gas will disperse very 
quickly into the air region in the cylinder. It will reach the top of the cylinder as fast as 










4.3.1 Mixture of Hydrogen & Ethane 
 
FIGURE 4.25 Mole Fraction of Hydrogen & Ethane 
 Even though the heavy gas which is the ethane is mixing with the light fuel gas 
hydrogen and prompt at the bottom of the cylinder. The hydrogen will tend to disperse out 
into the air region at a very fast rate. At the time of 1.0 second, it actually started to disperse 
into the air region. The dispersion is almost as fast as the mixture of light fuel gases only. 
At the time of 5.0 seconds, it almost reached the top of the cylinder.  
 








FIGURE 4.27   Distribution of ethane mole fraction 
Figure 4.24 and Figure 4.25 shows the distribution of hydrogen and ethane mole 
fraction for mixture of hydrogen and ethane. The pattern of the graph is alike as the 
mixture of light gas only. This is because the dispersion of hydrogen in mixing with air is 
very fast. 
4.3.2 Mixture of Hydrogen & Propane 
 






 At the time = 1.0 second, it started to disperse into the air region. The mixture of 
hydrogen and propane disperse slowly as compare to mixture of hydrogen and ethane as 
the density of propane is higher than ethane. It would eventually reach to the top of the 
cylinder is the simulation is done with more iterations.  
 
 
FIGURE 4.29   Distribution of hydrogen mole fraction 
 




Figure 4.27 and Figure 4.28 shows the distribution of hydrogen and propane mole 
fraction for mixture of hydrogen and propane. The mole fraction will increases at the point 
of (0, 0.1, 0) from 0. Mole fraction to the peak which is 0.34 mole fraction. After that it 
will start to decrease in mole fraction.  
4.3.3 Mixture of Methane & Ethane 
 
FIGURE 4.31 Mole Fraction of Methane & Ethane 
 For this contour, the mixture of methane and ethane started disperse at time = 2.0 
seconds. After that, at the time of 4.0 seconds, it actually reaches almost half of the 








FIGURE 4.32   Distribution of methane mole fraction 
 
 
FIGURE 4.33   Distribution of ethane mole fraction 
Figure 4.30 and Figure 4.31 shows the distribution of methane and ethane mole 
fraction for mixture of methane and ethane. The mole fraction will start to increase from 







As a conclusion, this project will be using Computational Fluid Dynamics to carry 
out the understanding and study of behavior of the binary mixture of the fuel gases. 
Simulation had been done by senior’s project with just only one fuel gases is set at the 
bottom of the cylinder at a time. Fuel gases that consists of hydrogen, methane, ethane, 
propane, butane, acetylene and carbon monoxide. The 10% fuel gases had put it at 
stationary at t=0 and it will let to disperse into 90% of air inside the cylinder. The cylinder 
is 1 meter tall and 0.25 meter in diameter. The dispersion of fuel gases is conduct in 
enclosed cylinder. Simulations of transient fuel gases mixing in air are studied. The 
findings is important towards the development of safety and mitigation guidelines. The 
dispersion behavior is affected by the density of the fuel gases. Hydrogen and methane 
disperse very quickly in air in a short amount of time. It is very dangerous towards the 
industries that are operating with hydrogen and methane. Light fuel gases such as 
hydrogen, methane, acetylene and carbon monoxide tend to disperse very quickly in air. 
The fastest combination of all simulation is the mixture of hydrogen and methane. As the 
simulation started, it started to disperse in to the air and it reaches the top at fast rate of 
3.96 seconds. Heavy fuel gases such as ethane, propane and butane had a low mixing 
behavior and does not reach the top of the cylinder even the simulation ends. This is 
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